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•New Physics? 
•Flavor anomalies 
•New physics in B → Kνν
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Massive Neutrinos
• Neutrino Oscillations 

• Super-Kamiokande + SNO 

• Neutrino masses + mixing in leptonic 
sector

νe ντ

νμ

NuFIT 6.0 (2024), www.nu-fit.org.

http://www.nu-fit.org/


Neutrino mass scale

• Beta decay kinematics: 

•    

• KATRIN: 

•   (90% ) C.L. 

• Cosmology

3H →3 He + e− + ν̄e

meff
ν < 0.8 eV

Images: KATRIN collaboration



Majorana and Dirac neutrinos

⟨mββ⟩ < 0.061 − 0.165 eV
KamLAND-ZEN

• Majorana mass terms 

•  

• Lepton number non-conserving: 

• LNV in 2 units 

• Neutrinoless double beta decay 

MMν̄C
LνL

M. Hirsch, H.V. Klapdor-Kleingrothaus and S.G. Kovalenko, 1996

+ more N.P. ?

+ … ?

See Jorge Torres’ talk in 1 hour



Neutrino mass models

• Weinberg operator:    

• Three tree level completions: 

• Loop-level completions: 

• Zee, Scotogenic, … 

• LFV, Leptogenesis, Heavy Neutral Leptons, DM

CW

Λ
L̄CH̃H̃L

mν ∼
v2

MN
=

(246 GeV)2

MN
< 1 eV

Majorana masses

MN > ∼ 1013 GeV



Neutrino mass models

• Effective operator :  

• Dirac Seesaws, loop level masses 

• Remnant symmetries- Lepton number

CD

ΛN
L̄H̃νR(ϕ)N

Dirac masses

Hu(2) �(4)

L(1) ⌫R(�5)

�u(6)

Hu(+1) �(+1)

L(�1) NR(+1) NL(+1) ⌫R(�1)

⌘u(�1) ⇣(�1)



Majorana and Dirac neutrinos
• Dirac mass terms (Charge conserving) 

•  

• Needs additional right handed field   

• 4 d.o.f 

• Majorana mass terms forbidden by a low energy symmetry : 

•  global - gravity? , gauge - boson? 

• Why is the Yukawa coupling  so small?   

• Is  an effective coupling? 

MDν̄RνL

νR ∼ (1,1,0)

YνL̄H̃νR
mν

vEW
∼ 10−11

YνL̄H̃νR



Where to look for new physics?

It depends on what you’re looking for…



Flavor in the Standard  Model
The flavor structure of the SM is well understood (although its origin is completely unknown):

Textbook equations: Langacker , The SM and beyond, CRC press 2017

Weak charged current has nondiagonal flavor  couplings in the mass eigenstate basis: The CKM and PMNS matrices are the sole source of flavor violation in the SM



Flavor in the Standard  Model

Measure these in clean observables with large cross sections, low theoretical uncertainties.  

Particle Data Group 2025

With these measured and under control, we have “understood” flavor structure in the SM : CKM for quark flavor transitions 
and lepton flavor universality.

Z couplings are diagonal and only one Higgs in the SM precludes tree-level FCNC
If the SM is enlarged to explain neutrino masses : a richer flavor pheno (at the very least in the lepton sector) is expected. 

Can it affect quarks too? 



• Case in point:  (  transition) 

• SMEFT Wilson Coefficients calculable from SM input, one loop contributions

B+ → K+νν b → sνν

Flavor in the Standard  Model



•  

• SM BR: 

•  

• Belle- II 2023 result: 

•  

• 2.7  tension - excess

B+ → K+νν

ℬ(B+ → K+νν)SM = (5.58 ± 0.37) × 10−6

ℬ(B+ → K+νν)exp = (2.3 ± 0.7) × 10−5

σ

Meson decay anomalies 

New Physics?



•  :   

• Test of Lepton Flavor 
Universality - Weak processes 
are driven by lepton flavour 
blind couplings - Different 
decay widths, cs should only 
depend on kinematics 

RD(*) b → clν

Meson decay anomalies 

New Physics?

HFLAV group CKM 2025 average



•  :   

• Recent result from NA62 : 

• Central experimental value 
above SM expectation 
(although the uncertainty is 
relatively large at the 
moment).

K+ → π+νν b → clν

Meson decay anomalies 

New Physics?

NA62 collaboration, 2025

Jürgen’s talk on Friday



•  : Longstanding excess in expected  branching ratio wrt   @ 
LHCb. Appeared to be coming from new muon physics - maybe connected to muon 
g-2? 

• LHCb results in 2023 show experimental  in agreement with SM. 

•  now appears to respect flavor universality  

• muon g-2 anomaly is dead too 

RK(*) B → Kμμ B → Kℓℓ

RK(*)

b → sℓℓ

New Physics?



Can we look for new physics from the 
neutrino sector in these observables?

Yes, quark new physics + neutrino new physics = leptoquarks (among others)



Neutrino masses + new physics w. LQs
• Majorana Masses with LQs: 

• LQs have definite lepton number  

• Majorana masses require L breaking: 

• At least 2 leptoquarks with different L must be introduced and L broken with LQ 
mixing

From I. Doršner et. al., Physics of leptoquarks in precision experiments and at particle colliders  



• muon g-2 

•  

• CDF  

•

RD

MW

B → Kνν

S3+R2 model
Neutrino masses + new physics w. LQs

Freitas et. al. Interplay between flavor anomalies and neutrino properties, 2023



Dirac neutrinos and Leptoquarks
• For Dirac  no L breaking is necessary: only one type of LQ is needed (+ the right handed ). 

• To forbid dim-4 neutrino mass a symmetry must be introduced and kept at low energies 

• Consider 

ν ν

S ∼ (3,1, − 2/3)



Dirac neutrinos and Leptoquarks

After LQ mixing and charged fermion diagonalization we have the following physical Yukawa couplings

Dirac neutrino masses are induced at one loop:



BSM phenomenology

down quark transitions with neutrinos (L and R):

This BSM effects can enhance  and B → Kνν, K+ → π+νν KL → π0νν



Lepton Flavor Violation

• Loop diagrams with LQs can induce ,  

• Tree-level exchange of a LQ can induce muon to electron conversion in a nucleus 

• Rule of thumb is to check  ,  enhancements in neutrino mass 
models before muon to electron conversion. With LQs it can be the other way 
around!

ℓi → ℓjγ ℓi → 3ℓj

ℓi → ℓjγ ℓi → 3ℓj

More to be discussed on LFV with LQs in the afternoon by Juan Pablo Hoyos!



B and K meson oscillations  and b → ujℓνi

• Integrating out the LQs also induces :

Meson-antimeson oscillations

RD



Numerical results

• Input: Neutrino oscillation parameters in a Casas-Ibarra like parametrization



Observables to fit and constrain



Best fits
We fit to these observables, using analytical expressions for EFT coefficients, some observables and also FLAVIO (Straub D.M. for meson oscillation  and LFV 

observables).

Direct searches for LQs at LHC bound their masses  TeV, we fix  ∼ > 1.5 mA = 1.5 TeV, mB = 3 TeV





So, can new physics be hiding in meson decay anomalies? 
Yes.  
Rare decays provide an excellent avenue for testing ideas in 
neutrino mass generation, dark matter, extra scalars, etc. 

In the coming years, experiments will improve our 
knowledge of rare processes. For example KOTO-II @ J-PARC 
plans to measure  with a sensitivity of  , 
more than one order of magnitude below the SM prediction.

KL → π0νν < 10−12



quejas y sugerencias: 
leon.garcia@unison.mx

Thank you


